Abstract. KRAS mutations are detected in tumors of various organs, and they are also markers of resistance for epidermal growth factor receptor (eGFr) tyrosine kinase inhibitors and monoclonal antibodies against the eGFr. thus, the accurate and rapid detection of KRAS mutations is crucial, not only for screening, but also for the prediction of the efficacy of molecular-targeted therapy. the aim of the present study was to establish a novel automated detection system for KRAS mutations. One hundred and thirty-six lung adenocarcinoma patients were genotyped for KRAS mutations with both the conventional direct sequence (Ds) method and with the newly developed quenching probe (Qp) method that obtains data automatically within 60 min. the detection limit of the Qp method using a control plasmid containing the KRAS mutation was 50 copies, and 10% mutant plasmid was detected in the mixture of wild-type and mutants. the results obtained by the Qp and Ds methods were identical in all but two of the 136 cases. The two differentially identified samples, which consisted of substantially fewer lung cancer cells, were positive according to the Qp method but negative as determined by Ds for KRAS mutations. These findings characterize the QP method as an accurate and rapid detection system for KRAS mutations.
Introduction
the KRAS gene encodes a Gtp-binding protein that contributes to cell proliferation, angiogenesis, and tumor progression (1) . Mutations of KRAS are active, and Gtp-bound forms of rAs and hot spots are present in codons 12 and 13 (1) (2) (3) (4) . KRAS mutations are observed in tumors of various organs such as the pancreas, colon and lung; the prevalence of the mutations is 60-90, 40-50 and 13-30%, respectively (3) (4) (5) (6) . thus, KRAS mutations are appropriate targets for detection and screening of cancers. recently, KRAS mutations have been reported to be markers of resistance for epidermal growth factor receptor tyrosine kinase inhibitors (eGFr-tKI) and monoclonal antibodies against the eGFr (6, 7) . In lung cancer, eGFr-activating mutations are frequently observed in nonsmoker women with adenocarinoma, and KRAS mutations are exclusively detected with EGFR mutations (5) . treatment with eGFr-tKIs achieve a favorable response in lung cancer patients with EGFR-activating mutations in exons 18, 19 and 21, whereas they have no effect on patients with KRAS mutations (8) (9) (10) . Monoclonal antibodies against eGFr, cetuximab and panitumumab, significantly prolong overall survival and progression-free survival in colon cancer patients with wildtype KRAS, but patients with KRAS mutations do not benefit from cetuximab (6, 11) . these results indicate that detection of KRAS mutations is useful for the prediction of the efficacy of molecular-targeted therapy as well as for the screening of cancers of various organs.
to investigate KRAS mutations in a large number of cancer patients, current methods such as direct sequence (Ds), denaturing high-performance liquid chromatography, realtime polymerase chain reaction (pCr), taqMan pCr single nucleotide polymorphism genotyping, pyrosequencing, and allele-specific PCR applied for the detection of point mutations are insufficient in terms of convenience, cost, and sensitivity. thus, the demand has grown for a detection method that combines high sensitivity, simplicity, ease of use, and low cost.
As previously reported, the quenching probe (Qp) method is extremely effective in detecting JAK2 V617F, which contributes to the pathogenesis of myeloproliferative neoplasms (12) . this method detects target genes using fluorescence quenching. Through the addition of a QProbe and a primer set, a gene amplification response is generated A fully integrated, automated and rapid detection system for KRAS mutations 4 and shINYA KIMUrA that is used to detect the specific gene arrangement quickly and easily using fluorometry. The present study reports the utility of the Qp method compared with Ds for the detection of KRAS mutations in lung adenocarcinoma patient samples.
Materials and methods
Human samples. tissue samples were obtained from surgical specimens of 135 lung adenocarcinoma patients. the study patients underwent surgery at saga Medical school hospital but received no chemotherapy or thoracic irradiation. the population was a consecutive series of patients treated between 2004 and 2008. pathological stage of the cancer was determined according to criteria of the International Union Against Cancer, 6th edition. the study protocol was approved by the Clinical research ethics Committee of saga University, and all patients provided informed consent for collection of the surgical specimens according to the Declaration of helsinki.
Detection of KRAS mutations by DS.
Genomic DNA was isolated from 135 specimens using the QIAamp ® DNA mini kit (Qiagen, hilden, Germany) according to the manufacturer's instructions. KRAS mutations of codon 12/13 of exon 2 were determined by pCr-based Ds using previously described primers for KRAS as follows: sense, 5'-catgttcta atatagtcaca-3' and antisense, 5'-aacaagatttacctctattg-3' (13). PCR amplification was performed in a 20-µl volume using Discoverase™ DhpLC DNA polymerase (Invitrogen Inc., Carlsbad, CA) for 40 cycles at 94˚C for 1 min, 55˚C for 1 min, 72˚C for 5 min, and a final extension at 72˚C for 10 min. The amplified product was isolated using Microcon YM-50 (Millipore Inc., MA) and sequenced directly using the Applied biosystems prIsM dye terminator cycle sequencing method with an AbI PRISM 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA).
Detection of KRAS mutations by the QP method and preparation of control plasmid. the insert sequence of KRAS-wt
(320-bp DNA fragment, corresponding to Accession no. NG_007524, 10380-10699) was obtained by pCr from human genomic DNA, purified, and subcloned into the pt7blue t-Vector. the twelve types of KRAS mutations in codon 12/13 were introduced by using the QuickChange site-Directed Mutagenesis kit (stratagene) (14) . the presence of the mutations was confirmed by direct sequencing.
Using the fully automated genotyping system I-densy (Arkray Inc., Kyoto, japan), 135 specimens were genotyped for KRAS codon 12/13 by the Qp method. before testing, the requisite number of tips, reaction tubes, reagent packs, and purified DNA were set in their designated places. The forward and reverse pCr primers for KRAS codon 12/13 amplification were 5'-aaggcctgctgaaaatgactg-3' and 5'-ggtcctgcaccagtaatat gca-3', respectively. the guanine quenching probe Qprobe (j-bio21, tokyo, japan) was designed to be perfectly complementary to the wild-type KRAS codon 12/13. the sequence of Qprobe was 5'-(tAMrA)-ctcttgcctacgccaccagctccaact-3'. the Qp method using Qprobe can detect whether a sample harbors wild-type KRAS or a KRAS mutation in codon 12/13, but is unable to distinguish between codons 12 and 13. In I-densy, pCr was automatically performed with initial denaturation for 1 min at 95˚C before 50 cycles of denaturation at 95˚C for 1 sec and annealing at 60˚C for 15 sec. After the PCR was complete, melting temperature (tm) analyses were automatically performed. Mutations were identified by the difference in tm (Fig. 1) (15) .
Results and discussion
We first evaluated the detection limit of the QP method using a control plasmid containing KRAS mutation, codon 12 (GGt→GAt). the detection limit was 50 copies (Fig. 1A) . Next, we prepared 12 different types of mutants, which were reported to be detected in cancer tissues of various organs (4) . when each mutant and wild-type were mixed, 10% mutant plasmid was detected in all mutant types examined (Fig. 1b) .
Results obtained by the DS or QP method are summarized in table I. In 135 lung adenocarcinoma patients, KRAS mutations were detected in 13 cases (9.6% of all tested) by Ds ----------------+  -+  ------+  -+  -------------------------+  +  ---------------------------------------------------------+  -+  ------------------- (codon 12, 12 cases; codon 13, 1 case). the incidence of KRAS mutations (9.6%) was less than that reported previously in Caucasians (8) but almost the same as that reported in a japanese cohort (5, 16) . KRAS mutations were detected in 15 cases by the Qp method. Notably, two samples (cases 1 and 2, indicated by a and b in table I, respectively) were positive as determined by the Qp method ( Fig. 2C and D) but negative according to Ds, suggesting that the Qp method was more sensitive than Ds or provided false-positives (table I) . to investigate why these two samples were missed by Ds, the histology of the tumors was reexamined comprehensively. the specimen of case 1 (a in table I) mainly contained inflammatory cells and fibrosis (Fig. 3A) , and only contained a very small portion of cancer cells (Fig. 3b) . the specimen of case 2 (b in table I) also contained a small tumor lesion (Fig. 3C) and was dominated by necrotic tissue (Fig. 3D ). In addition, two different histological types, mucinous bronchioloalveolar carcinoma (bAC) (Fig. 3e) and bAC (Fig. 3F) , were mixed in the small cancer lesion. KRAS mutations are more common in mucinous bAC (~80%), while they are rare in bAC (17, 18) . the presence of these other histological types may have induced a false-negative by Ds in case 2. the consistency of the KRAS status in 133 of the 135 lung adenocarinoma patients, and the positivity of the KRAS mutation with the Qp method in two samples that contained few cancer cells, indicate the increased accuracy and sensitivity of the Qp method compared with DS. This finding was similar to that obtained for the detection of the JAK2 mutation (12) .
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Ds requires three steps, including DNA extraction from a sample, amplification of the target area on the extracted DNA, and sequencing of the target mutation analysis on the KRAS gene in the amplified product, therefore it usually provides results within approximately a week. In contrast, the Qp method using I-densy detects mutations automatically within 60 min after DNA extraction. therefore, the Qp method is superior to the Ds method in terms of convenience and running costs, including personnel expenses, resulting in easy access to mutation analysis for a large number of patients.
In conclusion, the Qp method with its high sensitivity, effectiveness, and speed allows the determination of KRAS gene mutations in clinical settings. with its own adjustable pCr primers and Qprobe, the Qp method can be adapted to any point mutation possibly effecting the efficacy of moleculartargeted therapy. Consequently, this method may be a driving force for personalized medicine (12, 15) .
